OBJECTIVE: A multivariate logistic regression analysis model for predicting ectopic pregnancy in women with pregnancy of unknown location was designed and evaluated clinically. METHODS: Endometrial thickness, symmetry, resonance, pattern of echogenicity, helicine artery blood flow and blood flow resistance index (RI) in 129 patients with suspected early ectopic pregnancy were assessed by transvaginal power Doppler ultrasonography. Variables significant in univariate logistic regression analysis were included in a multivariate predictive logistic regression analysis model. RESULTS: The final predictive model included three factors: endometrial thickness ≤ 9 mm; a multilayered endometrial echogenicity pattern with prominent outer and midline hyperechogenic lines and an inner hypoechogenic region; and visible endometrial arterial blood flow. The area under the receiver operating characteristic curve of the model was 0.980. When RI was > 0.65 and the predictive probability > 0.50, diagnostic accuracy was high. The model correctly diagnosed 52/55 (94.5%) clinically confirmed ectopic pregnancy cases. CONCLUSION: This multivariate predictive logistic regression analysis model has clinical value for the differential diagnosis of early ectopic pregnancy when the pregnancy location is unknown.
Introduction
Pregnancy of unknown location (PUL) is defined as a positive pregnancy test with no signs of intra-or extrauterine pregnancy on transvaginal ultrasonography and an absence of miscarriage. 1 -3 The prevalence of a Z-Y Chen and K Liang contributed equally to this work.
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PUL has been reported as 8 -31%, 4 -6 and 8.7 -42.8% of these cases are early ectopic pregnancies that are too small to be visualized by ultrasound scanning. 7 The diagnosis of ectopic pregnancy must be accurate and timely, and care should be taken to preserve viable intrauterine pregnancies.
Transvaginal ultrasonography is used widely for the diagnosis of early ectopic pregnancy 8 -10 and is routinely used to assess the viability of PUL in the first trimester. In addition, the endometrial characteristics revealed by two-dimensional ultra sonography or by transvaginal colour Doppler flow imaging (CDFI) are useful in the diagnosis of ectopic pregnancy. 11 As far as we are aware, however, no studies have assessed these two methods in combination for the differential diagnosis of early ectopic pregnancy.
The present study analysed the endometrial characteristics and changes in helicine artery blood flow dynamics in patients with early PUL and assessed the value of multivariate logistic regression analysis of the combination of transvaginal ultrasonography and power Doppler ultrasonography in the differential diagnosis of early ectopic pregnancy.
Patients and methods

STUDY POPULATION, DIAGNOSES AND DESIGN
Patients with suspected early ectopic pregnancy or PUL were recruited sequentially from the Department of Obstetrics and Gynaecology of the Third Affiliated Hospital of Guangzhou Medical University between June 2003 and March 2006. Patients included in the study fulfilled the following criteria: (i) stable vital signs; (ii) positive or weakly positive qualitative or semiquantitative urine human chorionic gonadotrophin (hCG) levels; (iii) abdominal pain or limited vaginal bleeding; (iv) serum β-hCG concentration 5 -1500 IU/l; 12 (v) no obvious uterine sac, no dissociated hydrops in the pelvic cavity and no masses in the fallopian tubes, ovaries and supporting tissues seen on transvaginal ultrasonography. Exclusion criteria were: (i) injection of hCG in the previous 3 months to induce ovulation; (ii) gynaecological emergency; (iii) two or more suspected ectopic pregnancies; and (iv) patients lost to followup or where no diagnosis could be confirmed.
Ectopic pregnancy was confirmed pathologically by laparoscopy or exploratory laparotomy. Early intrauterine pregnancy was confirmed by transvaginal ultrasonographic detection of an intrauterine sac or fetal heartbeat. Early intrauterine miscarriage was confirmed by transvaginal ultrasonography or detection of chorionic tissue by curettage or uterine ejection.
The patients were divided into two groups: (i) a group diagnosed with ectopic pregnancy; and (ii) a control group with either early intrauterine pregnancy or early intrauterine miscarriage. Gestational age was recorded at study entry.
The study was approved by the Ethics Committee of The Third Affiliated Hospital of Guangzhou Medical College, Guangzhou, China, and all patients provided both written and verbal informed consent to participate.
TRANSVAGINAL ULTRASONOGRAPHY
Transvaginal ultrasonography was performed using a 6.5 -8.0 MHz vaginal probe (HP 8500 GP [Hewlett-Packard, Palo Alto, CA, USA] or SDU 2200 [Shimadzu, Kyoto, Japan]). Endometrial thickness was measured in the sagittal plane of the endometrium when the aditus of the uterus and the shape of the bottom of the uterus were clearly visible. Measurement was made from the edge of the muscular layer of the uterus and included both endometrial layers. Prediction of ectopic pregnancy
The echo intensity of the endometrium was classified into four types: well distributed hyperechogenicity, resembling frosted glass (type I); eccentric hyperechoic light spot in type I endometrium (type II); slight, uneven hyperechogenicity (type III); and low to medium resonance (type IV). Three different types of pattern of endometrial echogenicity were distinguished: 13 a multilayered pattern consisting of prominent outer and central hyperechogenic lines and inner hypoechogenic regions (type A); an intermediate pattern characterized by the same ultra sonographic reflectivity as the myometrium, with a nonprominent or absent central echogenic line (type B); and an entirely homogeneous, hyperechogenic pattern (type C).
The transvaginal ultrasonography data were assessed in relation to the final pregnancy result and the procedure was incorporated into our routine clinical practice in order to evaluate it in the clinical setting.
POWER DOPPLER ULTRASONOGRAPHY
The endometrial helicine artery was examined by power Doppler ultrasonography using the HP 8500GP or SDU 2200 vaginal probes. The blood flow velocity curve in the brightest area of the arterial blood flow image was displayed by Doppler spectroscopy and the resistance index (RI) was recorded (RI = [peak systolic velocity -end-diastolic velocity] / peak systolic velocity). The power doppler ultrasonography data were assessed in relation to the final pregnancy result and the procedure was incorporated into our routine clinical practice in order to evaluate it in the clinical setting.
SERUM AND URINARY HCG MEASUREMENTS
Blood samples were taken from patients and serum was separated and stored at -20°C for approximately 2 h before being assayed for β-hCG. Serum β-hCG concentration was measured with the Abbott AxSym ® Total β-hCG test (Abbott Laboratories, Abbott Park, IL, USA) according to the manufacturer's instructions. Morning urine samples that had been stored at -20°C for approximately 2 h were used for measurement of urinary hCG. Urinary hCG concentration was measured semiquantitatively using a colloidal gold early pregnancy test (Blue Cross Bio-Medical, Beijing, China) according to the manufacturer's instructions. The test had a lower limit of detection of 25 IU/l β-hCG. Urine and serum samples were taken and analysed every 2 days. Analyses followed the guidance published by Braunstein 14 in order to avoid and recognize false positive results.
STATISTICAL ANALYSES
The mean ± SD of the data were calculated. Statistical analyses were performed using SAS ® version 8.0 (SAS Institute, Cary, NC, USA). Enumeration data were analysed by the χ 2 -test and Fisher's exact test. Student's ttest was used to analyse differences between sample means. Between-group comparisons were performed by analysis of variance and the Student-Newman-Keuls test. Receiver operating characteristic (ROC) curve analyses were performed using SPSS ® version 13.0 for Windows ® (SPSS Inc., Chicago, IL, USA).
The logistic regression analysis included 14 measurable or enumerated variables (Table 1) . Stepwise regression analysis was used to establish a predictive logistic regression model. Univariate and multivariate analyses that demonstrated significance in diagnosing and predicting ectopic pregnancy were studied by ROC curve analysis. A P-value < 0.05 was considered to be statistically significant.
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Results
A total of 223 patients with suspected early ectopic pregnancy or PUL were recruited sequentially into the study. After exclusions, the study population comprised 129 patients: 55 diagnosed with ectopic pregnancy and 74 controls with either early intrauterine pregnancy or early intrauterine miscarriage. The mean ± SD age of all the patients was 25.1 years (19 -41 years) and length of menolipsis was 5.4 ± 0.7 weeks (no significant between-group difference for either parameter). There were also no statistically significant between-group differences in mean ± SD gestational age (5.11 ± 0.50 weeks in the ectopic pregnancy group and 5.22 ± 0.61 weeks in the control group) or mean serum β-hCG concentrations (556.92 ± 15.90 and 547.23 ± 18.71 IU/l, respectively). The patient and control groups were all positive for the semiquantitative urinary hCG test.
The transvaginal ultrasonography and power Doppler ultrasonography findings are shown in Table 2 . Patients in the control group had significantly thicker endometria (P < 0.001) and higher rates of type I (P < 0.001), II (P = 0.008) or III (P = 0.015) endometrial resonance, were more likely to display a type C endometrial echogenicity pattern (P < 0.001) and had higher frequencies of visible blood flow (P < 0.001) and visible arterial blood flow (P < 0.001) than patients in the ectopic pregnancy group. Compared with patients in the control group, patients with ectopic pregnancies were significantly more likely to have endometrial thickness ≤ 9 mm (P < 0.001) and endometrial symmetry (P < 0.001), were more likely to display type IV endometrial resonance (P < 0.001) and a type A endometrial echogenicity pattern (P < 0.001), had a higher frequency of visible venous blood flow (P = 0.005) and had a higher mean RI (P < 0.001). Endometrial thickness (X1) Value, mm Endometrial thickness ≤ 9 mm (X2) ≤ 9 mm (1), > 9 mm (0) Endometrial symmetry (X3)
Yes (1), no (0) Endometrial resonance Type I (X4) Yes (1), no (0) Type II (X5)
Yes (1), no (0) Type III (X6)
Yes (1), no (0) Type IV (X7)
Yes (1), no (0) Endometrial echogenicity pattern Type A (X8) Yes (1), no (0) Type B (X9)
Yes (1), no (0) Type C (X10)
Yes (1), no (0) Arterial blood flow visible (X11)
Yes (1), no (0) Venous blood flow visible (X12)
Yes (1), no (0) Blood flow visible (X13)
Yes (1), no (0) Resistance index (X14) Value a X1, X2, etc. designate the variables used in the multiple regression analysis. Prediction of ectopic pregnancy
Results of the univariate logistic regression analysis are shown in Table 3 . A subset of the variables with statistically significant odds ratios were selected for multivariate logistic regression analysis (multivariate predictive logistic regression analysis model). The RI was not used as a variable in the multivariate logistic regression analysis in spite of having a high odds ratio, because blood flow was difficult to detect in cases of ectopic pregnancy. Symmetrical thickening of the endometrium, type IV endometrial resonance and certain other variables were also not included because they were less meaningful than other variables. Ultimately, the multivariate predictive logistic regression analysis model used the variables endometrial thickness ≤ 9 mm (variable designation X2), type A endometrial pattern (X8) and visible arterial blood flow (X11) to predict early ectopic pregnancy, and ectopic pregnancy was strongly correlated with these three variables.
The equation for the model was: exp(z)/1 + exp(z), where z = −0.5935 + 2.2972 × X2 + 6.5363 × X8 − 4.2551 × X11 ( Table 4 ).
The ROC curves for multivariate predictive logistic regression analysis of the transvaginal ultrasonography and power Doppler ultrasonography findings for arterial blood flow (X11), endometrial pattern type A (X8) and endometrial thickness ≤ 9 mm (X2) in the prediction of ectopic pregnancy are shown in Fig. 1 and area under the curve (AUC) data are given in Table 5 . The AUCs from the univariate analyses for X11, X8 and X2 (data not shown) were smaller than the AUCs for the multivariate predictive logistic regression analyses for X11, X8 and X2, indicating the greater sensitivity and specificity of the multivariate predictive NS, not statistically significant (P > 0.05); CI, confidence interval. Prediction of ectopic pregnancy logistic regression analysis model. The model was able to predict ectopic pregnancy accurately when the optimal diagnostic point of RI was > 0.65 and the predictive probability of the model was > 0.50; the positive likelihood ratios were 10 and 23.6, respectively. When the results of the univariate logistic regression analysis and the AUC of the multivariate ROC curve were combined, early ectopic pregnancy could be diagnosed without using the RI. The best diagnostic point of the model indicated correct diagnosis in 52/55 (94.5%) ectopic pregnancy cases.
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Discussion
Ectopic pregnancy is a leading cause of maternal death and its incidence is increasing. 15, 16 Earlier and more accurate detection of ectopic pregnancy has been made possible by more sensitive β-hCG testing and transvaginal ultra sonography. 17, 18 Improving the diagnosis of early ectopic pregnancy is important for increasing the cure rate, eliminating mortality, reducing morbidity and preserving fertility, however, the diagnosis must be accurate. An expectant approach to management should be safe, and surgical intervention by diagnostic laparoscopy should not be undertaken routinely. 7 The present study has, therefore, developed and evaluated a multivariate predictive logistic regression analysis model for the differential diagnosis of early ectopic pregnancy in cases of PUL.
Analyses of endometrial patterns and thickness are promising means for the diagnosis of early PUL. The present results showed that several endometrial echogenicity patterns, including trilaminar patterns, were associated with PUL. A thinner endometrium was associated with ectopic pregnancy rather than with normal intrauterine pregnancy or miscarriage. The endometrial helicine artery is very small in early pregnancy and blood flow velocity is low, resulting in poor sensitivity of CDFI and difficulty in obtaining a blood flow velocity curve. The signal-tonoise ratio of transvaginal power Doppler ultra sonography is higher than that of CDFI, resulting in three to five times better sensitivity than CDFI in the detection of blood flow, especially low-speed blood flow. 19 In the present study, the combination of transvaginal ultra sonography and power Doppler ultra sonography was found to be valuable in the differential diagnosis of early pregnancy and ectopic pregnancy. During early ectopic and intrauterine pregnancy, changes occur in the endometrium depending on the location of implantation of the embryo, and it is possible differentially to diagnose ectopic pregnancy and predict pregnancy outcome based on these changes. 13 It has been shown that the proportion of accurate diagnoses of pregnancy Z-Y Chen, J-H Liu, K Liang et al.
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complications in women with serum β-hCG > 1500 IU/l is 92%. 12 A correct diagnosis in these patients is crucial. 20 Pregnancy complications (such as ectopic pregnancy) should be suspected with serum levels of β-hCG > 1500 IU/l and no visible gestational sac on transvaginal power Doppler ultrasonography. When serum β-hCG is > 1500 IU/l, the endometrium thickens under the influence of oestrogen and progestogen secreted by the corpus luteum. There are also changes in endometrial patterns, 21 making it impossible to predict the outcome of pregnancy in this situation. Serum β-hCG concentrations play a key role in the ability to diagnose early pregnancy complications by transvaginal ultrasonography.
To our knowledge, the present study is the first to develop a multivariate predictive logistic regression analysis model and diagnostic thresholds for related meaningful ultrasonographic variables for the diagnosis of early ectopic pregnancy. This model was more specific and accurate than the use of transvaginal ultrasonography or transvaginal power Doppler ultrasonography findings alone. The predictive model was established by multivariate logistic regression analysis which combined endometrial characteristics with changes in endometrial helicine artery blood flow. This model was more sensitive and specific than univariate analysis with any of the studied variables alone. Its application could lead to improvement in the frequency of correct diagnosis of early ectopic pregnancy. 22 The present study showed that, in clinical practice, ectopic pregnancy could be accurately predicted by three factorsendometrial thickness ≤ 9 mm, endometrial pattern type A and visible endometrial arterial blood flow -enabling timely differential diagnosis and early clinical decisions. The multivariate predictive logistic regression analysis model in the present study was able to differentiate between early intrauterine pregnancy and ectopic pregnancy and was reliable for diagnosis. It might be possible to develop a convenient means of diagnosing PUL if suitable software were to be developed on the basis of this model.
The present study had several limitations. Although consecutive patients were included, there was potential for selection bias because some ectopic pregnancies were treated immediately after diagnosis and excluded from the study population. The true final outcome was, therefore, not available for all pregnancies. An additional limitation was the subjective assessment of blood flow, which depended on the sensitivity of the Doppler equipment.
In conclusion, the multivariate predictive logistic regression analysis model developed in this study appears to be an effective method for the objective differential diagnosis of early intrauterine pregnancy and ectopic pregnancy in cases of PUL. Software developed from this model might be feasibly and conveniently used for the routine diagnosis of ectopic pregnancy.
